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I.
CONTRACT OBJECTIVES
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Fine structural examination of third stage Nematospiroides dubius

.larvae,

'Fine structural survey of the gametes, genital tracts, and the

»rimordial cells of the gonads of mature Nematospiroides dubius.

ORIGINAL PAGE 18
OF POOR QUALITY



II.
RESEARCH REPORT



Third stage larvae of Nematospiroides dubius.

- For this portion of the contract work the reader is referred to the

quarterly progress report on N.A.S.A. Contract NAS 9-13306, June 16
to September 15, 1973. Though further work was done on the larvae

no additional information was obtained that had not been previocusly

reported.



B.

Reproductive survey of Nematospiroides dubius.
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1. Spermatogensis, the mature sperm, and sperm-egqd association in

Nematospiroides dublus.




INTRODUCTION

Sperm have customarily.been‘gxouped'into,two classes, the
flagellated and nonflagellated. The nonflagellated sperm can be
divided into three types: (1) vesiculiform'(deéapod crustacea an@
milmipedes}, (2) tubuliform (ticks), and {3)_amoeboid, found in
nematodes (Nath, 1956). The latter can be round, conical, lobate, or
élqngate (Hyman, 1951), and all lack a flagellum and a distinct acrosome.
While the nematode sperm différ markedly from the "typical flagellated"
ones, many workers have attemptéd to homologirz some qf their cytoplasmic
cémponents with'thdse of the flagellated sperm (Bowen, 1925; Stardivant,
1934; Collier, 1936; Nath and Singh, 1956; Hovasse, 1958; Foor, 1968 and
1970; Clark, 1972). For such homologieé to be meaningful, thorough
developmental studies are.necessﬁry. ‘Unfortunately, such studies are
sparse, and incomplete.

The only ultrastructural investigations concerned with nematode
spermétogenesis are those of Favard (1961), Lee (1971), Pasternak and
Samoiloff (1971), Beams and Sekhon (1972), and Neil and Wright (1973).
Foor (1970) utilizing the electron microscopic studies avéilable, divided
the nematode sperm into four types: ascaroid, oxyqroid,'dioctoptymoid,
and stronglyloid. Since then, a new type, trichuroid, has been added
(Neil and Wright, 1973). -

Our knowledge of nematode sperm différentiétion is fragmentary;
because, of the 11 superfamilies of nematodes (Ch§ng, 1964), the in-
formation presently available covers only six. Most of the ultrastructural

“work done to date has been concerned with the ascaroid type' (Favard, 1961;
Clark et al, 1967, 1968, 1972; Foor, 1968, 1970, 1971, 1973, 1974; Lee,
1971).
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Each of the other sperm types are represented by a single

investigation: the oxyroid by Kspicularis tetraptera (Lee and Anya,

1967); the dioctophymoid by Dioctophymarenale (Foor, 1970};lthe

trichuroid by Capillaria heptica (Neil and Wright, 1973); and the

strongyloid by Nippostrogylus brasiliensis (Jamuar, 1966). Thus it

is apparent that germ cell development has received little attention,
and our major understanding of nematode spermatogenesis is based on
a small number of investigatibns. Consequently, it is not feasible to
describe a typiéal nematodé sperm or give a generalized picture of‘
sperm coméonenté and their role in reproduction. '

Fér the above reasons, a thorough study of nematcde sperma-

togenesis was initiated using-the strongyloid Nematospiroides dubius

as an experimental animal. This organism can be maintained in the
intestine of the mouse, is easily handled, has a relatively short life

cyele, and is often seen in copula.
MATERIALS AND METHODS

Nematosporoides dubius was maintained in the laboratory by

cultivating the third larval stage from the fecal pellets of infected
male mice (Cross, 1961). The larvae were inoculated periodically into
C57B1l-6 mice obtained from Texas Inbred Mice Company. Mature woxms
were isolated from the ducdenum of iﬁfécted mice and kept at 37°C in

-~ 0D.8%% NaCl (Sommerville and Weinstein, 1964). Méle‘worms ﬁere
distinguished under the dissecting microscope by 'Eheir copulatory
bursae. The reproductive tract was forcibly expelled from the body

of the worm by making a cut about 3 mm anterior to the bursae.



Light Microscopy:

For-vital staining, seminal vesicles were placed in 0.01%
acridine orange in normal saline for 10 minutes. The tissues were
then rinsed with normal saline, smeared on glass slides, and examined

with a fluorescent dark field microscope (Clark et al, 1972),

Electron Microscopy:

Male and female reproductive tracts were placed in 3% glu-
taraldehydé buffered with eiterh 0.1 M phoéphate at pH 7.3,;or 0.1 M
cacodylate at pH 7.3 with 6% sucrose added. After 1 hour in glutaral-
dehyde at room temperature, the tissues were washed with 0.1 M phos-
phate cr 0.1 M cacedylate buffer, and postfixed with 1% osmium tetraxide
in 0.1 M phosphate or 0.1. M cacodylate buffer at 49C for 1 hour.' The
samples were then dehydrated in an acetone series, and embedded in a
low-viscosity epoxy resin (Spurr, 1969). Ultrathin sections were ob-
tained on a Porter-Blum MT2 ultramicrotome and ﬁounted on 300 mesh
uncoated grids. The sections were stained for 7 minutes with alcoholic
uranyl acetate followed byllead citrate (Venable and Coggeghall, 1965).
Sections Wefe studied with an Hitachi H-S-8 or an AEI-EM 6B electron
microscope. For light microscopy, sections were stained in 0.25%

agueocus teoluidine blue in 0.15% sodium borate.
CBSERVATIONS

‘Spermatogonia:

-

The spermatognoia, which are approximately 6 a in diameter,

are tightly packed within the testis. Like other cells undergoing
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rapid protein synthesis and cytoplasmic growth, the spermatogonia
contain numerous ribosomes. The cytoplésm contains rod-shaped
mitochondria, a poorly developed endoplasmic reticular system, few

Golgi bodies, lipid droplets, vacuoles whiéh may contain fibrous'
material, and a few distinct microtubules (Figs. 1 and 1A). The
nuclear volume is large relative to the volume of the cytoplasm. Within
the nucleoplasm is a prominant nucleolus composed of a pronounced
nuclecnema. Chromatin, though found throughout the nucleoplasm, i=
often seen closely associated with the nucleoli (Fig. 1).

The surface of the spermatogonia adjacent to the testicular
wall has finger-like projections which are about 200 A® in diameter.
Occasionally, these processes ‘conld be seen between adjacent spermato-
~gonia (Fig. 1). .

In more advanced spermatogonial stages, the rough endoplasmic
reticulum becomes quite pronounced. The reticular cisternae appear
scattered throughout the cytoplasm, and sometimes become engorged with
electron dense material at one end while the other end-becomes capsule—
shaped (Fig. 2). This capsule encloses a mass of fibriilar material.

- Golgi bodies, each made of five to seven cisternae, and mitochbndria,.
which look less elongated than those of early spermatogonia, appear to
be in close contact with the encapsulated fibrillar material. At this
stage, the chromatin material is quite_dispersed, and the outer nuclear

membrane shows continuity with the endoplasmic reticulum (Fig. 2}.

Primary Spermatocytes:

Primary spermatocytes of N. dubius, in contrast to those of

most nematodes studied to date are in cytoplasmic continuity with a
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cytoplasmic, nucleated rachis which contains mitochondria, Golgi bodies,
fibrous bodies and well developed endoplasmic reticulum. The plasma
membraﬁes of érimary spermatocytes have numerous villus-like projections
which are about 0.l u in diamter. . These processes may extend all the
way between two neighboring spexrmatocytes (Figs. 3 and 4. .

The primary spermatocytes are larger than the spermatqéonia,
and exhibit features of cells involved in active growth.  They contain .
a large nucleus with dispersed chromatin and one or more nucleoli (Figs.
3 and 4). |

Numerous mitochondria with large cristae, a highly branched
endoplasmic reticular system distributed throughout the cytoplasm, and
a large mumber of Golgi bodies per section are also typical features:
- of this stage (Figs. 5 and 6). The fibri;lar bodies have assumed a
more distinct shape, thqugh they have not'completed their cytodifferen-
tiation. , |
. At this period of development. the fibrillar bodies are composed
of a bundle of fibrous strands closely associated with each other. Each
fibrous element is about SO0®A in diameter and 0.3 u in length and is
separated from its neighboring element by about SOOA. Ag mentioned
earlier, each fibrous bundle is surrounded by a capsule—éhaped extension
of a hypertrbphied segment of endoplasmic reticulum. The encapsulation
of the fibrous bodies (Fig. 38) occurs during differentiation of these
bodies when the free end of the capsule approaches the main body of the
engorged reticular cisternae (Fig. 36) and apﬁaréntly fuses with it
(rig. 37).

Concomitant with this stage of cytoplasmic differentiation are

the meioctic divigions. The nuclear envelope is lost and chromosomes
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become apparent. Microtubules are evident extending between the chromo-
somes and division centers (Figs. 5, 6, 7). The division centers are
electron dense regions containing conspicucus centriole pairs. These
centrioles are at 90° to each other-and each consists of 10 tripiet

sets of microtubules. The triplets are embedded in an electron dense
matrix and an electron opague core -(700°A in diameter) is present in
the middle of the .centriolar cylindér. Each centriole is akout 0.2 u
in diameter and 0.4 p long (Figs. 6, 8).

Cytokihesis does not take place until the meiotic divisions
are completed. As the divisions terminate, fibrous bodies, Golgi
bodies, mitochondria, and endoplasmic reticulum align along the planes
of +he eventual cleavage furrows (Figs..9, 10, .11, 12). Bs cyto-
kinesis ensues the leading edge of each furrow exhibits a thickening
or electron density (Fig. 10). At this stage the heterochromatin
is condensed and localized within the center of the future spermatids.

* Microtubules radiate from these heterochromatic or nuclear regions
fEig. 9),. Incorporated with each nuclear région is a division center
(Figs. 9, 11). As cytokinesis is completed, each spermatid assumes
typical characteristiés. At some point during meiogis, the rachis

terminates and the‘dividing cells become free of its confines.

Sg'rmatids:

The spermatids are spherical-shaped cells characterized by
a centrally located condensed nucleus which lacks a nucleolus "and a

nuclear enevelope. A pair of centrioles is present within a nuclear
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fossa (Figs. 12, 13). Surrounding the nucleus is a.cytoplasmic region

void of organelles but containing numerous microtubules which appear to
emanate from the nucleus (Figs. 12, 13). At the periphery of this

void area are fibrous bodies, Golgi bodies and a few mitochondria. \

Between these organelles and the plamma membxrane, dialated endoplasmic

reticulum is very common. The fibrous bodies at this stage are very

similar to those described in the spermatocytes (Figs. 12, 13).

Development of Spermatids:

One of the fundamental features 6f spermatid development
is the invagination of one side of the nucleus. Early in this process
the nucleus is round with a small fossa in which two centrioles are
located (Fig. 13). With further invagination, the nucleus becomes
"e" ghaped (Fig. 13), then "U" shaped (Figs. 33, 34), and eventually
it becomes "V" shaped (Figs. 15,-35). Concomitant with these changes
in nuclear morphology, a change in the position of the nucleus takes
place. In early stages of spermiogensis, the nucleus is centrally
located, énd as development proceeds it moves toward one pole of the
‘celi where it remains during subsequent development (Figs. 14, 15,
16). In this position, the nuéleus is very electroh dense, filamentous,
and is separated from the plasmélemma by a space of 600%a (Fig. 15).
Throughout these changes in nuclear morphology, the centrioles remain
associated with the nuclear fossa and usually‘occupy the area between
the tips of the two nuclear arms (Figs. 16, 17).

Microtubules, approximately 240?A in diameter, which are
randomly located in the cytoplasm of spermatids in earlier étages,
assume a longitudinal orientation in the elongated spermatid (Figs. 14,

i5, 17, 19). 1In addition, microtubules are seen in contact with the
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outer ﬁémbranes of the reticular elements which surround the fibrous
bodies (Figs. 32, 33). During early spermiogenesis, the mitochondria
and other cytoplasmic organelles remain static. However, as spermatid
differentiation proceeds, concentration and migratioh of the endo-
plasmic reticulum, riboéomes, and Golgi bodies to cne side of the
developing spermatid occurs. As these organelles condense at one polé.
segments-of endoplasmic reticulum separate them from the rest of the -
cell cytoplasm (Fig. 14)}. Once these components are isolated, the
plasma membrane Of the spermatid constricts around the nucleus {Figs.
15, 16). ‘This constriction results iﬁ the loss of that portion of

the cell containing the éndoplasmic reticulum, ribosomes and Gﬁlgi bodies
resulting in the formation of the cytophore (Figs. 15, 16, 20). During
the above changes, the fibrous bodies retain their position around the
peripheral cytoplasm, being separated from the plasma membrane by a
space of 0.1 to 0.3 p (Figs. 14, 15, 16, 17, 18, 19).' The structure
- of these bodies in an elongated spermatid is similar to that in a
younger spermatid, except for the appearance of membrane invaginations
(Figs. 14, 15, 16, 17, 18, 19) which represent precursors of finger-
like projéctions which appear in mature sperm. Some fibrous bodies
have "umbrella" shaped blebs, about 0.3 n in width, which are directed
toward the plasma membrane of tﬁe developing spermatid (Figé. 15, 18,
19).

| As described previously, microtubules run the léngth of the

cell. These tubules are found in the central.cytoplasm of the cell
which is void of organelles. They extend from the base of the nucleus
" to the opposite pole or pseudopodial end of the elqngated spermatid
(Figs. 15, 17, 19, 21). This pseudopodial region contains small electron
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dense granulee, 0.1 n in diameter, which'appear to represent tubule
termination ?oints (Fig. 19). The pseudopodial cytoplasm contains
ne organelles and is limited externally by a convoluated region of. .
plasmu membrane (Figs. 19, 21).

Once the spermatids enter the seminal vesicle several
noticeable changes take place. The fibrous bodies lese their fibrillar
cemponents and become distinct vesicles, 0.4 p in diameter. The fate
of the fibrillar material is in question; The limiting membranes of
the vesicles form long finger-like invaginations whicﬁ extend well
into the vesicle's matrix (Figs. 23, 24, 25). These structures are
similar to the proacrosomal vesicles described in the Ascarids (Favard,

11961; Clark et al, 1967,.1968, 1972). In some instances the vasicles
have attached, via the blebs, to the plasmalemma and dehiscense has
taken place (Fig. 24). Sperm released from the seminal vesicle and
treated with acridine orange exhibit a brighf green fluorescence in
the nuclear region (Fig. 22). Alsc noted with this teehnique are small
orange flouorescing bodies believed to be the ve51cles (Fig. 22).

Other distinct features of sperm from the seminal vesicle are

- the presence of electron dense cytoplasmic inclusions and a bulbous

pseudopodium at one pole of the cell (Figs. 22, 23, 25}. The pseudo-

- podial cytoplasm confains microfilaments,_GOOA in diameter and micro-

tubules (Fig. 25).

Sperm From the Female Tract:

Upon entering the female genital tract sperm become extremely

polymorphic. Their cellular morphology ranges from elongated (Fig. 29),

-4
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as described for sperm from the male, to oval-shaped (Fig. 26). A
very interesting feature is the presence of a cytoplasmic collar whichk
extends around the nucleus (Figs. 27, 28). .Other distinct cytoplasmic
features inclﬁde large amorphous bodies found in the cytoplasm, which |
in many instances are closely associated with the nuclear region (Fig.
26}, and elongated mitochondria which often "wrap" around the vesicles
(Figs. 26, 27, 29). '

In many instances dehisced vesicles exhibit collar-like
thickenings at their junction with the sperm plasmalemma (Figs. 26,
29, 40). Microtubulés are still present in the elongated sperm and
extend from the nuclear fossa inte the pseudopodial cytoplasm (Fig. 31).
Occasionally some sperm exhibit more than one fibrous pseudopodial
process (Figs. 30, 39A). . ' '

Often cross sectiops through the seminal receptical region
of the female genital tract révea; sperm in close association with
eggs. These spermatozoa exhibit distinct structural changes., Their
nuclei appear to be decondensing and becoming fibrillar in nature
{(Fig. 42). Also their vesicular bodies become crescentlor "donut"

shaped and contain an electron dense material (Figs. 41, 42).
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DISCUSSION

Although the scheme of sperm differentiation in N. dubius is,
in‘many_respects, in accord with the.picture of sﬁermatogenesis_in
. other nematodes, this organism has unigue-spermatogenic features. For
example, spermatogonia and primary spermatocytes, unlike those of other
nematodes investigated (Neil and Wright,51973), do not appear to be
attached by cytoplasmic bridges, but instead are attached to a cyto-
plasmic, nﬁcleate rachis, a feature reported in only one other nematode
(Lee, 1971). Secondary spermtaccytes are connected by cytoplasmic_
bridges, a trait suggested to play a role in synchronization of the
spermatogenic cycle (Fawcett, 1961; Dym and Fawcett, 1971).

A typical feature of nematodes having the ascaroid type‘sperm
is the presence of refringent bodies or cones. These were first
described by Van-Beneden and Julin (1884). Recent invéstigators have
suggésted the presence of RNA in these ihclusioﬁs (Nath et al, 196l).
‘However, Clark et al (1972) agree with Panijel (1950} that the re-
fringent bodies are made of "an acid protein of high nitrogen content,
rich in aspartic acid, and linked to a purine ring". Although in N.
‘dubius neither germ cells nor sperm from seminal vesicles possess
ref;ingent bodies or cones, sperm taken from the female genigal tract
have clumps of amorphous, particulate material in the vicinity of the
nqcleus.. |

| Organelles typical of nematode germ cells undergoing spermato-
genesis and a subject of controversy among'investigators are the vesicular
bodies, or proacrosomal vesicles (Favard, 196l1; Clark et al, 1967,

1968, 1972). These organelles are present in the peripheral cytoplasm
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»
of most nematode sperm thus far studied. They were first described by
Favard (1551}. who reported that'they were of Golgi origin and called
them "Golgi hats" or proacroscmal- vesicles, but did not ascribe any
function to them. Januar (1966) repcrted mitochondria—like inclusions

in N. brasiliensis sperm which he described as superficially resembling

mitochondria and staining with Janus green. However, he did not deter-
nine the origin of these.inclqsions.- In a fine structural study, Clark
et al (1967) described membrane-bound vesicles having whorls of fibrillar
material and finger-like projections in their ﬁatrices._ Later in 1972,
the same authors cytochemically demonstrated that these vesicles are
positive for the periodic-acid-schiff and acid phosphatase reactions

and dehisce before fertilization.- It is worth mentioning that these
authors reported that the vesicles dehisce.only in sperm recovered from

the female genital tract. Foor (1968, 1970) described similar vesicles

in A, lumbricoides which he called "membrane specializations”, assuming _
them to be of mitochondrial origin. According to Foor (1968, 1970)
some of these vesicles break open fdehisce) in sperm from the seminal
vesicle. For the above reasons he did not believe the vesicles were pro-
acrosomal in nature. Beams and Sekhon (1972) presented ultrastructural
evidence that these vesicles are of Giogi origin. Tﬁis opinion is
shared by Pasternak and Samioloff (1971), who called the vesicles
c-bodies and v-bodies. X

The present work provides evidencé that. the wvesicles in
question are of endoplasmic reticular origin. Primoridia of these
vesicles become appaient in late spermatogonia as masses of fibrous
elements surrounded by endoplasmic reticular cisternae. The cisternae,
in primary and secondary spermatocytes, encircle the'fibrillar elements

and hypertrophy at one side. The closeness of Golgi-bodies to the sites
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of formation of the fiprous elements suggest that the Golgi complexés
are associated with the production of these structures. At the
spermatic stage, precursors of finger-like projections appear in the
engorged cistérnal elements (vesicle); in sperm taken from the

seminal vesicle the fibrous elements are missing, and the interior of
the vesicular bodies is occupied by microvillus-like projections.

Some of these vesicles are shoﬁn dehiscing. The vesicles appear
lattached to the sperm plasma membrane by necks or membrane thickenings.
Vesicular bodies of sperm recovered from the female genital tract show
the same features just described. The dehiscence of vesicles as
described in N. dubius sperm has been noted in other nematode sperm by
several authors (Favard, 1961; Jamuar, 1966; Clark et al,_1967{ 1968,
1872; Foor, 1968, 1970, 1974; Beams and Sekhon, 1970, 1972; Lee, 1971;
Pasternak and Samioloff, 1971; Wright et al, 1973),

Clark et al (1972}, believing the vesicles to be of Golgi
origin, exhibiting histochemical characteristics common of acrosomes
and dehiscing in the female genital tréct, suggested that the vesicles’
' secretory product might be essential:-in providing an environment neces-
sary for fertilization. Ségments of the present investigation support
this hypothesis while other portions detract from it. The'present
investigation has implicated the endoplasmic reticulum in vesicle
formatioﬁ. This is interesting since several recent investigations
have demonstrated a distinct role of the endoplasmic reticulum in
acrosome'morphpgenesis (Franklin, 1971). The present study has also
shown an unquestionable change in vesicular structure in sperm closely
.apposed to an egg surface. On the other hand, this work has also
demonstrated dehisced vesicles in sperm from males. Unfortunately,
vas sperm are very difficult to fix, leaving questions in the author's
mind concerning the validity of this dehiscence. Before the true signi-
ficance of these vesicles can be determined their isoclation and bio-

chemical characterization must be completed.
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. The nucleus of N. dubius sperm undergoes é dramatic change
in ghape and structure in the course of spermiogenesis. Early in this
process, the nucleus is éomposed of diffuse‘chrbmatiﬁ:gfitfggzémés
dense and fibrous in late spermatids, and very compédt‘and électron
dense in mature.sperm; Initially, a fossa is formed in one side of
the spermatid nucleus. Later in spermiogenesis the invagination becomes
more propcunced so that the centrally located "C"-shaped nucleus be-
comes "U"~shaped in late spermatids, and eventually polar and "V"-
shaped in mature sperm. Of the nematode species thus far studied, only

N. brasiliensis (Jamuar, 1966) exhibits similar nuclear changes. As

reported in other nematodes (Jamuar, 1266; Clark et al, 1967, 1972},
the N. dubius sperm nuclei lack a nuclear envelope.
A unique feature of the sperm of this parasite is the pres-

ence of centrioles composed of 10 triplets. 1In N. brasiliensis

(Jamuar, 1966) the centrioles are made of a core surrounded_by-a circle
of 18 "rods", and in C. heBatica (Neil and Wright, 1973) and A. caninum
{Foor, 1970} the centricles have been reported to consist of 9 single

tubules only. Centrioles have not been reported in sperm of A.

lumbricoides (Foor, 1970), D. californicum (Wright et al, 1973), and

N

Diocytophyma sp. {Foor, 1970} .

The microtubules in mﬁst nematode spermatocytes (except in
~-Aspicularis} are progressively lost during the final stages of matura-
tion (Foor, 1970). Only a few scattered microtubules are observed
-during eariy spermatogenesis in N. dubius. However, during spexrmio-
genesis these tubules increase in number and radiate around the spermatid
-nucleus. The microtubules extend from the nuclear region and assume

a parallel arrangement along the longitudinal axis of the maturing sperm
just prior to cytophore shedding. During this period of cyto-

differentiation the nucleus assumes its. final shape. These microtubules
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now appear restricted to the fossa region of the nucleus. Jamuar (1966)

reported similar orientations of microtubules during spermiogenesis in

N. brasiliensis, and Lee Anya (1967) described longitudinal bundles
of microtubules in Aspicularis sperm. The fact that the microtubules
becone aligned arcund the inner margin of the nuclear fossa and retain
this alignment throughout spermiogenesis, tends to suggesF that the
microtubules are associated with initiating‘and further accentuating
the nuclear concavity. In addition the longitudinal orientation of
microtubules,in differentiating sperm strongly suggest that these
tubules are important not only as elements needed for the morphogenesis
6f developing gametes, but also as significant factors in maintaining
the final shape of N. dubius sperm. In the next chapter, the role of
microtubules in development and maintenance of sperm shape will be
further explored by using the drug cochicine. '

The shedding of cyfoplasmic remnants from maturing nematode
sperm has been reported by sevefal investigators (Van Beneden, 188B4;
. Sturdivant, 1934; Miller, 1966; Nath et al, 1956; Foor, 1970; Kanwat,
1971; Weil and Wright, 1973). However,; the 6nly fine structural study
showing cytophores and shedding of cytophore remnants is that of
Favard (196l). The present work provides further information on this
aspect of nematode sperm differentiation. In N. dubius the first
: step'in the formation .of the cytophore is the migration of endoplasmic
reticulum cisternae, Golgi bodies and ribosomes from a mid«cytoplésmic
position in spermatocytes to a peripheral one in spermatids. ILater
in spermiogenesis, these structureé move in the direction of nuclear
migration, and eventually are separated from the nucleus by endoplasmic
reticulum. This phenomenon by which the nematode sperm rid themselves
. of excessive material is similar to that of the mammalién sperm

(Bishop and Walton, 1960).
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ﬁfter copulation sperm undergo marked structural changes in

thé female genital tract. In elongated sperm the cap-éhaped pseudo-
podial pole is lost and this pole of the sperm becomes actively amoeboid.
This change in the pseudopodial area has been described in other nematodes
{(Foor, 1970, 1971, 1974) and is believed to help sperm travel down the
female genital tract. In other instances globular sperm which lack
-micro;ubules have been observed. These findings are in agreement with
the light microsqopic study of Sommerville and Weinstein (1964) in

N. dubius as well as other studies by ¥oor (1968, 1970, 1973, 1974)

in other nematodes. Unfortunately the significance of these morpho-
logical changes are not fully understood. Whether the globular cells

are mature sperm or activated cells no longer capable of fertilization

is in guestion.



Fig. 1

Fig. 1A.

Fig. 2.

- spermatogonium (arrowhead).

23.

An electron micrograph of a'spermatogopium. Endoplasmic

reticulum (ER), mitochéndria (M), nucleus (N), nucleolus {nu) ,

microtubules (arrows in insert), and lipid droplets (L) are
shown. Arrow points to spermatpgénial processes.
X 10,000

An electron micrograph illustrating microtubules in a

X 40,000

An electron micrograph of an advanced spermatogonium.

- Continuity of endoplasmic reticulum (ER) with outer nuclear

menbrane (NM), fibrillar material (FM), Golgi bodies (G),
and mitochondria (M) are demonstreated. Small arrowhead
points to the capsular end of the endoplasmic cisternae and '
large arrowhead shows the engorged portion,

. L . X 24,000
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Fig. 3. An electron micrograph showing a longitudinal section of
a rachis (R) and primary spermatocytes (ps}. . Fiﬁrous
bodies (FB), Golgi bodies (G}, endoplasmic reticulum {(ER),
mitochondria (M), a nucleus (W}, and spermatocyte processes
(P) are shown. |
. X 10,000

Fig. 4 An electron micrograph of a primary spermatocyte showing a
nucleus (N}, a nucleolus {Nu}, fibrous bodies (B),
mitochondria (M), and endoplasmic reticulum {ER}. Arrow-
head points to processes between primary spermatocytes.

' X 10,000
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Fig. 5. An electron micrograph of a primary spermatocyte. Fibrous
bodies (FB) with hypertrophied portion (large arrowhead).
Golgi bodies (G), endoplasmic reticulum (ER), mitochondria
(M} , chromosome (CM), microtubulés {small arrowhead), and

;division center (DC) are shown.
X 16,800






Fig. 6.

Fig. 7.

Fig. 8.

29.

an electron micrograph of a primary spermatocyte showing
Golgi bodies (G), fibrous bodies (FB), endoplasmic reticulum-
(ER) , mitochondria (M), centriole -(C), a chromosome (CM},
and ﬁicrotubules {arrowhead) . -

X 26,000

An electron micrograph of a division center (DC), microtubule

{arrowhead), and chromosomes {(CM).
X 30,000

An electron micrograph showing two centriocles (C). The
lower centriole illustrates 10 triplets.
' X 60,000
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Fig. 9. BAn electron micrograph showing two secondary spermatocytes.
Notice alignment of endoplasmic reticulum (ER), fibrous
bodies (FB), and Golgi bodies (G} along plaﬁe of cleavage
furrow. Microtubules (MY) and a nucleus (N) are also shown.

X 18,000

Fig. 10. An electron micrograph showing thickenings (arrow} at the
leading edge of each furrow between two secondary spermato-
“oytes. _
X 22,000

Fig. 11. An electron micrograph illustrating four secohdary spermato-
cytes. Hetexrochromatin material (HC), a division center (DC),
fibrous bodies (FB), mitochondria (M), &nd endoplasmic reticulum
(ER) are .shown.

X 8,600
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Fig. 12. An electron micrograph showing a spermatid. A centriole kC),
microtubules (MY), fibrous bodies (FB), Golgi bodies (G),
mitochondria (M), a nucleus (N), and endoplasmic'reticulum
(ER) are illustrated.

X 21,000

Fig. 13. An eléctron micrograph showing a spermatid nucleus (N}.

- Embedded in the nuclear fossa are tﬁo centricles (C), and
microtubules (MT}, which radiate between the nucleus and
peripheral cytoplasmic organelles.

X 45,000
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Fig. 14.

35,

An electron micrograph demonstrating an elongated spermatid

with a cytophore (CP) containing Golgi bodies (G), endoplasmic

.reticulum cisternae (ER), and ribosomes (r). Also shown are

the hucleus (N}, microtubules (MY), mitochondria (M), and
fibrous bodies (FB). Arrows show membrane invaginations
of the hypertrophied portions of the fibrous bodies.

' ' X 30,000

Fig. 15. -An electron micrograph showiné-an elongated spermatid about

Fig. 16.

to slough its cytophore (CP). An electron dense nucleus (ﬁ),

.microtubules (MY), and fibrous bodies (FB) are demonstrated.

Small white arrows point to membrane invaginations in engorged
portion of fibrous bodies; large arrow points to blebs of

engorged parts of fibrous bodies. S
' X 15,000

An electron micrograph showing a nucleus (N), a cytophore (C},
and two centrioles {C) of an elongated spermatid.
' X 10,000
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Fig. 17.

Fig. 18.

Fig. 19.

a7.

An electron micrograph demonstrating an elongated spermatid
which has sloughed its cytophore.' Structures shown include
a nucleus (N), a centriole (C), microtubules (small black
arrowhead), vesicular bodies (VB)-with inner membrane in-
Véginationé‘(small white arrowhead), extruded fibrillar
elements {fe), mitochondria {M) , énd blebs (large arrows).

' X 15,000

aAn electron micrograph showing a vesicular body wi;h finger-

like projections (arrows) and a bleb (b) in close junction

_with plasmalemma (PL).

-X 50,000

An electron micrograph showing a portion of an elongating
spermatid with a nucleus (N), vesicular bodies (VB) which
contain inner membrane invaginations (smallrarrows) and
blebs (large arrows). Also shown are microtubules (small
black arrowhead) with their possible termination sites ({(large
black arrowhead) and convoluted boundaryfof bseudopodial
pole.

X 32,000
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Fig. 20. An electron micrograph through a cytophore. Dilated endo-

Fig. 21.

~ plasmic reticulum (ER), Golgi bodies (G}, and ribosomes (r)

are shown.

% 40,000

An electron micrograph demonstrating the convoluted

~ boundary (large arrows) of the pseudopodial end of an

‘elongated sperm. In the vicinity of this pseudopodial area

are microtubules (small black arrowheads), and fibrous

‘elements (f). Vesicular bodies (VB) with inner fingex-

‘like processes (small white arrowheads) and mitochondria

(M) are shown.
‘ X 40,000
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Fig.

22.

23.

24.

25.

41.

A light micrograph (phase contrast) showing a sperm taken
from the seminal vesicle. The pointed, "V" shaped structure
is the nucleus (N); the cap-like part is the pseudopodial pole

(PP}. The dark, bead-like structures (white arrowheads}

" are presumably the vesicular bodies.

X 2,800

An electron micrograph demonstrating a sperm in the seminal

vesicle. A portion of the nucleus (N), vesicular bedies (VB),

- lipid-like droplets (L), and pseudopodial pole (PP} ure seen.

Arrow points to a dehiscing vesicular body.

X 13,000

An electron micrograph showing a section through the body of
a sperm taken from seminal vesicle. Notice finger-like pro-

jections in the vesicular bodies (VB); also junction of

.dehiscing vesicular bodies with plasmalemma (small arrows).

X 42,000

El
An electren micrograph through the pseudopodial portion (PP)
of a sperﬁ in the seminal vesicle. Microtubules in cross

section (small arrcws), and vesicular bodies (VB) are evident.

X 33,000
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Fig. 26. An electron micrograph demonstrating an oval~shaped sperm in
the female genital tract. Notice the nucleus (N), amorphous
bodigs {AB), vesicular bodies (VB}) with inner finger-like
projections, collar-like thickenings (small arrows} at
Junctions ‘of vesicular bodies with plasmalemma, mitochondria
{M), and pseudopodial end (PP}.

X 40,000

Fig. 27. An electron micrograph showing a cytoplasmic collar (C)
- around the nucleus (N) of a sperm in the female genital tract.-

X 14,000

Fig. 28. An‘electron,micrograph through the nuclear pole of a sperm
in the female reproductive tract. A nucleus (N), a centriole
(C), vegicular bodies (VB) and a cytoplasmic process (CP)
around the nucleus are shown.

X 28,000

Fig. 29. 2an electron micrograph of an elongated sperm seen in the
' female genital tract. A pointed nucleus (M), amorphous body.
{aB), vesicular bodies (VB), with collar-like thickenings
{arrowhead) at their fusion points with the plasmalemma, and
a fibrous pseudopodial area (PP) are demonstrated. The
sperm is shown lying adjacent to a uterine wall (UW).

X 2,400
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Fig. 30. BAn electron micrograph of two pseudopodial processes (PP)
of a sperm from the female reproductive tract. Vesicular
bodies (VB) which may be dehiscing in some cases (arrowT
heaés), and mitochondria (M) are shown. ’

| X 18,000

Fig. 30A. High magnification of amoeboid portion.
X 40,000

Fig. 31. An electron micrograph showing microtubules (MY) running
along the longitudinal axis of a sperm from the female.
'Vesiéular bodies {VB), mitochondria (M), and a pseudopodium
(PP) are shown.

| | X 20,000
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Pigs. 32 - 35

47.

A series of electron micrographs illustrating changes in

nuclear shape and structure during spermiogenesis. Nuclei

- (N}, microtubules (white arrowheads), centrioles (C),

mitochondria (M), vesicular bodies {FM}, endoplasmic

reticulum (ER), and a uterine wall (UW)
\ Fig.
- Fiqg.

Fig.

Fig.

are demonstrated.
32: X 16,000
33: X 22,000
34: X 31,000
35: X 25,200



A
rfj‘“_.
<
Z
=
2
o
S




49,

Figs. 36 - 40
' A series of electron micrographs showing steps in vesicular.
bodies differentiation. Fibrillar material (FM}, hyper-—
troéhied portion (HP) of fibrillar body, inner membrane
invaginations (black arrowheéd) in early vesicular body,
and vesicular bodies (VB) with collar-like thickenings
{wvhite arxowhead) are illustrated. '
Fig. 36: X 20,000
Fig. 37: X 20,000
Fig. 38: X 34,000 .
Fig. 39: X 50,000
Fig. 40: X 9,600
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' Fig. 41.

Fig. 42.

51,

An electron micrograph of a sperm (SP} apposed to egg (EG)
surface. A nucleus (N), pseudopodial portion (P?). .
mitoghdndria (M), lipid droplet (L) are shown. Arrows

point to thickened vesicular projéctions of sperm vesicular
bodies. ‘ _

| X 6,000

En electron micrograph of a sperm (SP) apposed to egg (EG)

surface. A decondensed nucleus (N), and thickened vesicular

. body projections (VE) are illustrated. Lipid droplets (L}

are shown in the egg (EG).
‘ : X 18,000






A diagramatic summary of
early spermatogonium; 2=
primary spermatocyte; 4=
spermatid.

spermatid formation.
advanced spermatogonium;
secondary spermatocyte;



A diagramatic summary of spermiogenesis.
young spermatid;
intermediate spermatid;
elongated spermatid;
elongated spermatid about to shed its cytophore;
sperm from seminal vesicle;
globular sperm from female genital tract;
elongated sperm from female genital tract.
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INTRODUCTION

Several investigations‘have confirmed the inhibition of cer-
tain biolegical functions by the drug colch@cine. This agent and its
derivatives have been reported to disrupt the microtubules of the mito~
tic spindle {Brinkley and Stubblefield, 1967; Picket-Heaps, 1967; Robins
and Gonatas, 1964), Radiolarian axopodia (Tilney, 1965}, human neuro—
biasts (Seeds et al, 1970), and microtubules of other cell typés (for
review see Margulis, 1973, Oimsted and Borisy, 1973; and Bryan, 1974).

Through investigations with microtubﬁle depolymerizing ageants,
like colchicine, different functions have been attributed to microtubules
in various cell types. ' Among these are the participation 9f microtubules
in development and maintenance of cell shape {(Tilney, 1968; Warren, 1968;
Turner, 1970; Seeds et al, 1970; Hendel and Roth, 1971; Piatigorsky et
al, 1972; Daniels, 1972; Bouck and Brown, 1%73)}. .Other functions of
microtubules like chromosome movements in cell division, intracellular
organization and movement of material, cellular motility, and cellular
transduction have been reported and are reviewed by Olmsted and Borisy
(19?3), Margulls (1973), and Bryan (1974).

In the preceding chapter the longitudinal orientation of micro-

tubules during spermatogenesis of N. dubius sperm has been reported, and

an important role for microtubules in sperm differentiation was suggested.

Only two reports have dealt with the effect of colchicine on spermato-
genesis (Turner, 1970 and Wright, 1968). Turner (1270) reported the
loss of flagellar and micretubular sheaths in colchicine treated Nitella
spermatids, and the branching of flagella of treated sperm. Wright

{1%68) found that nuclear elongation did not take place during spermio-

~genesis in the spermatid of Uma inornata if colchicine was present.

In view of the known effects of colchicine, and the virtual lack of
information on the impact of this agent on invertebrate sperm dif-

fernetiation, the present investigation was undertaken.
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MATERIALS AND METHODS

Mature N. dubius males were isolated from the duodenum of
infected male mice and kept in137°C,-0.85% NaCl (Sommerville and
Weinsfein, 1964). Reproductive tracts were'released from the bédy of .
the male worm by making a cut about 3 mm anterior to the bursae. A
group of 10 seminal vésicles (and other portions of the male repro-
ductive system) were placed in a control medium of 0.85% NaCl, and a
similar group was treated with colchicine (Sigma,Chemical-Coﬁpany)
prepared in 0.85% NaCl at 10 mN conceﬁtratidn,‘pH 7.3. Thé;qélcﬁfﬁine
was protected from light before use. Both control and colchicine
treated samples were placed in .a water bath at 37°C for 6 hours. The
tissues incubated in colchicineé were tested for recovery by transferring
them to a control medium for 5 hours. '

‘ Control and treated samples were examined with a Nomarski
phase contrast microscope. For electron microspopy, the samples were
fixed in 3% glutaraldehyde buffered with 0.1 M phosphate buffer aflpH
7.3 or a 0.1 M calodylate at pH 7.3. ' In all instances 6% sucrose was
added. The tissues wafe.postfixed with 1% osmium tetrokide in 0.1 M
Phosphate or 1.0 M cacodylate buffer at 4° for 1 hour. After dehydra;
" tion in an acetone series, the samples were embedded in Spurr’s_epoxy
resin (19639). Ultrathin sections were mounted on 300-mesh undercoated
~grids, and stained with alcoholic uranyl acetate followed by lead
citrate (Venable and Coggeshall, 1965). Sections were examined with

an AEI-EM 6B or an Hitachi H-S5-8 electron'microscope.
RESULTS

" ‘Light Microscopy:

" ‘Untreated Cells:

In untreated tissues, about 90% of the cells exhibit the charac-

teristic cylindrical body form with a "V" shaped nucleus at one pole and
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a cap-like pseudopodial region at the.oppoéite pole. Along the sperm
surface, bead-like structures (vesicular bodies) are observed (Fig. 1).
The terms anterior and posterior will be used to refer to the pseudo-
podialrand nuclear portions xespectiveiy.

Colchicine Treated Cells:

A smear of seminal vesicles treated with 16 mM colchicine and
examined with a phase contrast ﬁicroscope demonstrates sperm with 4dif-
ferent forms as illustrated in Figs. 4-9. The changes in shape first
occur about S hours after suspension in colchicine. Those regions pf
the sperm which‘appear'to be most sensitive to this agent are posterior
" to the pseudopodial areas (Figs. 4, 5), and the ones least affected are
anﬁerior to the nuclear region. (Figs. 4, 5). However, after & hours of
incubation in colchicine, the area anterior to thg nucleus is also
affected (Figs. 6-9). As illustrated variéus degrees of bending occur
at the sperm surface as well as localized areas of swelling and con-
striction (Figs. 6-9) The nuclear shape and posifion do not appear to
be affected (Figs. 4-9); however, the pseudopodial portion loses its
nermal shape. The cap-like appearance of the pseudopod is lost,
swélling is pronounced, and in some cases small processes are seen pro-
jecting from it (Figs. 5-9). ‘The vesicular bodies appear to be of the
same size and distribution as those of tﬁe control (Figs, 1, 4-9).

Recovery of Treated Cells:

The effects of 6-hour exposuré to colchicine on sperm shape
are slowly reversible. When seminal vesicles treated with colchicine
for 6 hours were transferred to a control medium for 5 hours, signs of
recovery were observed. Usually no change in sperm shape was noticed
during the first 3 hours gfter transfer. After 4 hours, recovery was
first observed in the area anterior to the nucleus (Fig. 2), and 5 hours

later in the pseudopodial portion (Fig. 3).
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Electron Microscopy:

Untreated Cells:

A detailed description of untreated N. dubius sperm has been
presented in the previous chapter. Briefly, elongated spermatids and
spermt have longitudinally oriented microtubﬁles,in the central cy<oplasm
.which otherwise lacks organelles. Vesicularfgodies with finger-liike
invaginations élong the peripheral cytoplasm, electron dense "V" shaped
nuclei with no nuclear envelope, and .cap-like pseudopodial poles which
contain filaments and dense sites believed to be microtubule termina-
tion points are other traits of control cells. Some of these features
are demonstrated in Fig. 10.

Colchicine~treated Cells:

Gametes from seminal- vesicles exposed to 10 mM colchicine for
6 hours exhibit disassembly of microtubules. Elongated spermatids—have
an inner cytoplasmic portion void of microtubules and the porticn of the
cellsranterior to the nucleus is swollen (Fig. 11). The vesicular
bodies look similar to those of control cells (Fig. 10), in that they
have inner.membrane invaginations in their hypertrophied portions, and
appear tolhave extruded their fibrillar component (Figs. 10, 11).
Vesicular bodles of treated and control sperm are similar‘and show
~granular material on the surface of, and in between their inner finger-
like projections (Figs. 12-15).

Along the longitudinal axes, some.areas look constricted, and
bending is usually associated with thesé areas {(Fig. 13). ‘The position,
structure and shape of nuclei do not appear to be affected by colchicine.
In all observed cases the nuclei are electron dense, and polar in position
(Figs. 12, 13).

The pseudopedial ends have undefgone pronounced bending. In
some -cases, the inner pseuvdopodial margin. fuses with the adjacent sur-
face of the cell (Figs..13,f15, 17). BAlso, appearance of lateral
pseudopodial projectiqns and lack of microtubules in the vicinity of

this sperm pole are evident (Figs. 15-17).
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Recovery of Treated Cells:

Seminal vesicles suspended in colchicine for 6 hours and
transferred to control media for 5 hours contained cells, of which
80% showed signs of recovery. As illustrated in Fig. 20, ‘few micro-
“tubules are evident in the vicnity of pseudopﬁdial'areés; The” re-
appearancé of microtubﬂles coincides with the regeneration of normal
morphology. Also, there is a noticeable lack of constrictiong along

the surface of recovered sperm'(Figé. 18, 20).

_ DISCUSSION

In the previocus chapter the author reported the radial
arrangement of microtubules around the nuclei of young spermatids and
the parailel'orientation of these structures along the longitudinal
axes of elongated spermatids. In addition, it was hypothesized that
these microtubules were responsible for certain aspectsrof morphogenesis
and the maintenance of N. dubius sperm shape. The results of the
‘present investigation lend suppoft to the second of these hypotheses.
This is evident by the fact that sperm treated with colchicine do not
maintain théir normal morphology.  These results are in agreement with
those of Yamada et al {(1971), and Brown and Bouck (1973) which implicate
microtubules in maintenance of cell shape. . )

The regeneration of normal shape of N. dubius colchicine-
treated sperm demonstrates that the action of this agent is reversible.
Similar results have been reported in Actinosphaerium (Tilney, 1968),
Chlamydomonas (Rosenbaum'et al, 1269}, and in other cell systems, Borisy
and Taylor (1267} and other authors suggested that the mechanism of
colchicine action is to bind microtubular dimers which apparently prevents
reassembly of the subunits and leads to‘depoiymerization of existing
microtubules. - )

The finding that the anterior pseudopodial area of the sperm
is first affected by the action of colchicine suggests that the micro-

tubules are aePolymerized_in the pseudopodial area initially with
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subsequent propagation of this depolymerization toward the nucleus.
The observation that recovery is first noticed in the nuclear zone of
the sperm and later in the pseudbpodial‘area lends further support to
this suggestion. 1In a detailed study, Brown and Bouck (1973) reported
that microtubules cleose to Ochromonas beak hucleating sites were assembled
first with subsequent repolymerization from these sites.. Although it is
not yet known if the reassembly of microtubules after depolymerization
is unidirectional or random {(Olmsted.and Borisy, 1973), recent reports
(Granett et al, 1973} have described unidirectional "growth" of micro-
tubules when isotopically labelled chick brainlmicrotubules were used
as seeds. The pattern of loss and recovery of N. dubius sperm shape
described in this'report suggests that depolymerization and reploymeriza-
tion of microtubules occur in a vaidirectional fashion.

As Borisy et al (1974) reported, the polarity of tubule assembly
is pertinent to the concept of nucleation. In thig connection, Porter
(1966) pointed out that because microtubules are associated with shape
c¢hanges in different cells, spatial and temporal pattérns of microtubule
initiating sites probably exist. Such sites have been reported by
several investigators {Picket-Heaps, 1969;-Tilney, 1970; Brown aﬁd‘Bouck,
1973; Allen and Borisy; 1973) . Since the microtubules appear to origiﬁate
from the nuclear fossa of the sperm of N. dubius, it seems likely that
the centrioles, which lie in the fossa, are responsible for tubule
assembly. ‘ ‘ o

- The present experiments have deﬁonstrated that microtubules
are essential in maintenance of sperm morphology.  However, these
experiments have not clarified the role microtubules may play in sperm
development. Long-term exposure to colchicine, necessitating organ

culture of the seminal vesicle, will be necessary to answer this question.
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Fig. 1. A light micrograph of a control sperm suspended in 0.85%
‘ NaCl for 6 hours. A nucleus (N1), a pseudopedial cap (PC),
and vesicular bodies (arrows) - are shown. ° X 2,700

Fig. 2. A light micrograph of a sperm suspended in 10 mM colchicine
for & hours and transferred to a control medium for 4 hours.
Nucleus (N), pseudopodial cap (PC), and vesicular bodies
(white arrows) are demonstrated. Arrow shows bending in
pseudopodial portion. - X 2,700

Fig. 3, A light micrograph showing a completely recovered sperm:
originally placed in a 10 mM colchicine solution for 6
hours and then transferred to a contvol medium of 0.85%
NaCl for 5 hours. A mucleus (N}, vesicular bedies (whito
arrows), and a pseudopodial end {P) which has lost its
cap—like appearance are shown. S X 2,700

Fig. 4. A light micrograph of a sperm suspended in 10 mM colchicine
: for 5 hours. The nuclear (N) appearance is normal. Swelling
(white arrow) and constriction (black arrows) are evident,
pseudopodial area (P) looks distorted. : X 2,200

Fig. 5. A light micrograph of a sperm suspended in 10 mM colchicine
for 5 hours. Notice constriction (arrow), abnormal
appearance of the pseudopodium (P) which has a lateral process
{open triangle). "X 2,700

Fig. 6. A light micrograph of a sperm suspended in 10 mM colchicine
for 6 hours. Bending in the pseudopodial area (arrowhead)
and nuclear region (arrow), and swelling in between the two
areas are evident. Also, a lateral pseudopodial process
{open triangle) is shown. : X 2,700

Fig. 7. A light micrograph of a sperm ‘suspended in 10 mM colchicine
for 6 hours. " Bending in the nuclear zone (arrow) and
pseudopodial zone (arrowhead) are evident.  Notice swelling
in region enclosed between arrowhead and arrow. A nucleus
(M) and a pseudopodium (P) with a small process (open triangle)
are shown. : s X 2,700

Fig. 8. A light micrograph of a sperm cultured in 10 mM colchicine
for 6 hours. Bending in pseudopodial area (arrowhead) and
anterior to nuclear region (arrow), swelling between arrow.

< and nucleus (N}, and a lateral process (open triangle} from
the pseudopodium (P) are demonstrated. X 2,700

Fig. 9. A light micrograph of a sperm kept in 10 mM colchicine for
& hours. Loss of normal pseudopodial portion {P), appearance
of lateral psudopodial process (open triangle), and bending
(arrowhead and arrow) are shown. - X 2,700
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Fig. 10.

Fig. 11.

"colchicine solution for 6 hours.

67.

An olectron micrograph of a control elongated spermatid
cultured in 0.85% NaCl for 6 hours. A nucleus (N), a
centriocle (C), microtubules (arrowhead), vesicular bodies
(VB} with inner membrane invaginations (small arrow) and
extruded fibrillar material (FM) are demonstrated:

- X 1,500

An electron micrograph of a spermatid cultured in 10 mM
Notice lack of micro-
Vesicular bodies (VB) with inner membrane in-
vagination (small arrow} and extruded fibrillar material
(FM}, nucleus (N), and mitochondria (M) are illus

tubules.

trated.
X 15,000






Fig. 12.

Fig. 13.

69.

An electron micrograph of a control sperm cultured in 0.85%
NaCl for 6 hours showing an electron dense nucleus (N},
vesicular bodies (VB)} witli inner finger-like projections,
lipid~like droplets (L}, and a cap-like pseudopodia area
(PP}. Large arrows point at dehiscing vesicular bhodies.

X 14,000

An electron micrograph of a sperm cultured in 10 mM colchicine
for 6 hours. Black arrows point at a constriction along the
sperm surface. White arrows show points of fusion of
pseudopodial membrane with adjacent sperm plasmalemma. A
nucleus (N}, vesicular bodies (VB) with inner projections,
mitochondria (M) and lipid-like bodies (L) are shown.

' X 15,000






Fig. 14.

Fig. 15.

71.

An electron micrograph showing pseudopodial (PP) cap-like
portion of a control sperm. Notice microtubules (white

arrows) in the vicinity ot the pseudopodial area.  Vesicular
bodies (VB) with inner finger-like projections are demonstrated,
black arrcws point at dehiscing vesicles. - - X 20,000

An electron micrograph illustrating the pseudopodial area of
a sperm treated witn 10 mM colchicine for & hours. Notice
bending of pseudopodial cap (arrowhead) and lack of micro-
tubules. Vesicular bodies (VB) with inner finger-like pro-
jections and mictochondria (M) are shown. Large arrow
points to a dehiscing vesicular bedy. : X 21,000






73.

Figs. 16 and 17,

Electron micrographs of sperm incubated in 10 mM colchicine
solution for 6 hours. Constriction {arrows) and bending

are pronounced. Small processes are shown projecting from
pseudopodium (arrowheads, Fig. 16), and fusion of pseudo-
podial limiting membrane with plasmalemma (arrowheads, Fig. 17)
arve illustrated. Vesicular bodies (VB) and mitochondria (M) )
are shown. Fig. 16: X 18,000; Fig. 17: X 18,000






Fig. 18.

Fig. 19.°

Fig. 20.

5.

An electron micrograph of -a sperm treated with 10mM colchicine
for 6 hours and transferred to a control medium for 5 hours.
An electron dense nucleus (N), vesicular bodies (VB), lipid-
like droplet (L), and a cap~like pseudopodium (PP) are

shown. ' : X 14,000

A light micrograph of a recovered sPerm, demonstrating a
nucleus (N), a pseudopodial region (PP), and wvesicular
bodies (arrows). o X 1,800

An. electron micrograph of the anterior portion of a recovered
sperm. Vesicular bodies (VB} which are dehiscing in some ’
cases (large arrows), few microtubules ({small arrows}, and a
pseudopedial portion (PP) are illustrated. X 16,000
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